with a substantial score in psychoticism and a low score in persistence. When comparing relapsed and abstinent patients, further variables, such as scores for novelty seeking (20.9 8 5.5 vs. 18.5 8 5.9) and impulsiveness (8.4 8 3 vs. 7.2 8 3.5), showed significance. In addition, relapsed patients lived alone more often than abstinent patients (52 vs. 25%, p = 0.004). In conclusion, this analysis demonstrated that specific personality characteristics, namely psychoticism and persistence, are usable predictors for the risk of relapse in alcohol-dependent patients.
Introduction
Though psychosocial treatment programs for alcohol dependence have been successful, the effect is only moderate if they aim at abstinence [1, 2] . In alcoholism, relapses are seen as a part of the recovery process. Relapse rates are high, reaching more than 50% within 1 year after treatment [3, 4] . If specific factors altering the outcome could be identified, treatment programs could be optimized and patients allocated to highly adjusted treatment programs.
Personality traits build the basis of consistent patterns of experience and behavior, which in turn have been found to predict the outcome of treatment in different diseases. For example, personality traits emerged as use-ful predictors of treatment outcome in patients with gastrointestinal disorders [5] , obesity [6] , hyperopia [7] and even individual responses to certain surgical treatments seem to be associated with personality [8, 9] . In psychiatry, personality traits have been successfully linked to treatment outcome in depression [10] , anorexia nervosa [11, 12] , schizophrenia [13] and withdrawal severity in benzodiazepine dependence [14] . In alcoholism research, personality traits have become a matter of scientific interest as well [15] [16] [17] [18] [19] [20] . Regarding treatment outcome, several authors identified specific personality traits as predictors of relapse in alcohol dependent patients [21, 22] . For example, the personality trait 'novelty seeking' is a strong predictor of relapse in detoxified male alcoholics, whereas the trait 'harm avoidance' has been shown to predict early relapse in females [21] . This is in line with results of Kravitz et al. [23] , which revealed that dropouts in a study of alcohol-dependent men had higher novelty-seeking scores than non-dropouts. The risk of relapse, 1 year after an inpatient treatment program for alcohol-dependent patients, is greatest in patients with low scores in conscientiousness and high scores in neuroticism [22, 24] . In addition, several follow-up studies over 6 months revealed low persistence scores as predictors of relapse in alcohol-dependent patients [25] [26] [27] .
In conclusion, the evidence suggests that personality traits are important individual factors influencing treatment outcome, not only in various diseases, but also in alcoholism. Therefore, the present study was performed to identify predictors of treatment outcome in primary alcohol-dependent patients on the basis of personality traits.
Methods
All patients in this analysis were recruited from an alcohol inpatient treatment program at the Department of Psychiatry at the University of Würzburg in Germany. A total of 176 patients (130 male, 46 female) had to fulfill the ICD-10 criteria of alcohol dependence. The diagnosis was established by using the Semi-Structured Assessment for the Genetics of Alcoholism [28] , which consists of a personal interview designed to study in detail alcoholism associated with comorbid psychiatric diagnoses of current and lifetime status. Exclusion criteria were psychiatric comorbidity, personality disorders, severe neurological or medical disorders, and a history of illegal drug use.
Procedure
All patients attended an inpatient psychosocial treatment program, including detoxification and a motivational counseling session for abstinence for 6 weeks. Once a week, patients had to complete 5 different personality questionnaires during a morning session not exceeding 1 h. At this time, all patients were detoxified, without any symptoms of withdrawal and without any psychoactive medication. The 5 questionnaires were self-reporting scales, and were always completed in the same order of sequence. To measure personality dimensions according to the 5-factor model of Costa and McCrae [29] , the German version of the NEO 5-Factor Inventory (NEO-FFI) [30] was used. The NEO-FFI consists of 5 personality dimensions, namely: neuroticism, extraversion, openness to experience, agreeableness and conscientiousness. To assess temperament and character traits, the Temperament and Character Inventory (TCI) of Cloninger et al. [31] was applied. The TCI distinguishes 4 temperament dimensions that are stable over time, namely: novelty seeking (curiosity), harm avoidance, reward dependence and persistence (insistency), and 3 character dimensions: self-directedness, cooperativeness and self-transcendence. The Eysenck Personality Questionnaire (EPQ) assesses 3 personality dimensions: psychoticism, extraversion and neuroticism. The construct of psychoticism assesses subjects who are aggressive, cold, egocentric, impersonal, not empathic and tough-minded [32] . In addition, the 'lie' scale of the EPQ identifies socially conforming answers. As a further instrument, the Eysenck Impulsiveness-Venturesomeness-Empathy Scale (I7), with 3 independent scores measuring impulsiveness (poor behavioral control and lack of ability to delay gratification), venturesomeness and empathy, was administered. Furthermore, the Sensation-Seeking Scale (SSS) of Zuckerman, which consists of 4 scales (thrill and adventures seeking, experience seeking, disinhibition and boredom susceptibility) [17, 33] , was applied.
Twelve months after treatment discharge, follow-up information about patients' abstinence was collected using different sources of information. The primary source of information was, whenever possible, a personal interview either face-to-face or conducted by phone (using the standards for documentation of alcohol anamneses from the German Society for Addiction Research and Therapy [34] ). A further source was information gathered from spouses, life-partners, relatives, roommates, neighbors and friends of the patients. Other sources such as clinical briefs, reports from physicians or hospitals, and workers of the addiction therapy system were collected if available. Patients were only classified as relapsed or abstinent if at least 2 corresponding and yet independent sources of follow-up information were available. If patients started to drink again, even for only 1 day, they were classified as relapsed. Only patients who drank no alcohol during the follow-up period were classified as abstinent.
Data Analysis
In a first step, all characteristics of abstinent and relapsed patients were compared using a 1-way ANOVA to investigate whether there were differences between the groups. Thereafter, a discriminate analysis technique was performed to detect the most essential predictors among those personality variables that differed between abstinent and relapsed patients. Since there are well-known gender differences in personality scores [21] , the calculation for the prediction model was made first for men and then for women. In a last step, the classification and regression tree analysis (CART) was applied to find a reliable clinical decision rule [35, 36] . CART is a tree-based approach to determine the category of relapse risk an individual falls into when using personality scores as predictors. Compared to a multivariate logistic regression, the CART analysis has the advantage of including an unlimited number of independent variables or predictors, which are free of the level of measurement and distribution. CART is based on an exhaustive search trying all possible variables as splitters. Under these conditions the result of a decision rule is relatively simple to interpret and feasible for clinical use. Due to the low number of female patients in the present sample, no gender-specific calculations were made. All statistical analyses were calculated using Statistica for Windows version 6.0.
Results

Patient Characteristics
One year after treatment discharge, 146 patients of the total of 176 could be classified as relapsed or abstinent on the basis of 2 concurring information sources. Thus, 81 patients were classified as relapsed, while 65 patients were classified as abstinent. Thirty patients could not reliably be classified. The evaluation of demographic characteristics 1 year after treatment revealed considerable differences in the subjects' living situations and family statuses. On the one hand, relapsed patients showed no differences in their living situations (living alone vs. living with someone), although they were less frequently married [37% (n = 30)], and therefore more often single, divorced or separated [63% (n = 51)]. On the other hand, patients who stayed abstinent were more often living together with someone [75.4% (n = 49)] than alone [24.6% (n = 16)], and were more often married or in a relationship [61.5% (n = 40)] than alone [38.5% (n = 25)]. No differences were found in gender, age, school education or occupational status when comparing relapsed versus abstinent participants ( table 1 ) .
Autobiographical and alcohol-specific characteristics, such as age of alcoholism onset, duration of alcohol dependence, alcohol intake before detoxification and positive versus negative family history of alcoholism, did not reveal significance. Furthermore, biological markers such as glutamyltransferase and mean corpuscular volume did not differ significantly between relapsed and abstinent patients.
Personality Traits and Treatment Outcome
Data on personality differences between relapsed and abstinent subjects are summarized in table 2 . The most conspicuous difference was the psychoticism score in the EPQ showing a significantly higher score in relapsed than in abstinent patients (p = 0.001). Furthermore, relapsed patients scored significantly lower on the persistence scale of Cloninger et al. [31] in the TCI than abstinent patients (p = 0.022). Moreover, relapsed patients scored significantly higher on the novelty-seeking scale (TCI; p = 0.028) and impulsiveness scale (I7; p = 0.046) than abstinent patients. However, scales of the NEO-FFI and SSS did not reveal any significant differences. Taken together, relapsed patients showed higher scores in psychoticism, novelty seeking and impulsiveness, but lower scores in persistence, when compared to abstinent patients.
The stepwise discriminate analysis detected a significant model with 2 important predictors, namely psychoticism and persistence ( 2 = 14.8, d.f. = 2, p ! 0.1, R = 0.41). These 2 parameters were the most discriminate variables that correctly predicted relapse in 62% and abstinence in 73% of the patients (D = 0.848 ! EPQ-psychoticism -0.582 ! TCI-persistence). In the next step of data analysis, CART was used to establish a classification rule for clinical practice to determine the relapse risk for an individual on the basis of his psychoticism and persistence scores. Due to the low number of female patients in the present sample, significant gender-specific differences could not be found. Splitting the male sample into 2 subpopulations using a psychoticism cutoff score of 0.37 discriminated the groups well. Only 5 out of 24 (21%) of the patients with a psychoticism score less than 0.37 relapsed within 1 year after discharge, compared to 54 out of 85 (64%) with a score above 0.37. When, in the next step, the sample was split according to the persistence score with a cutoff of 3.5, more than two-thirds of patients (25/32) with a psychoticism score above 0.37 and a persistence score of less than 3.5 relapsed during the 1-year followup.
Discussion
The main finding of the present analysis was that specific personality traits seem to contribute to the risk of relapse after detoxification in primary alcohol-dependent patients. Besides these personality traits, demographic variables, namely living alone and being divorced or separated, displayed a risk of relapse in primary alcohol-dependent persons. Four specific personality traits could be identified, which distinguished between relapsed and abstinent patients 1 year after treatment discharge. Results showed that relapsed patients have higher scores in psychoticism, novelty seeking and impulsiveness, and lower scores in persistence than abstinent patients.
The tree-based predictive model revealed the classification rule that patients with substantial scores in psychoticism and low values in persistence are at high risk of relapse. Interestingly, the cutoff in psychoticism was very low, with a value of 0.37 (range 0-7), indicating that most of the patients with scores below the cutoff had negligible values on all psychoticism items. This classification rule of high scores in psychoticism and low scores in persistence was determined only for the male sample and should be interpreted with caution for women. Persons with high scores in psychoticism are characterized as uninhibited, impulsive, hostile and aggressive. It is a wellknown fact that psychoticism and impulsiveness are highly correlated [32] , in particular psychoticism and dysfunctional impulsiveness [37] ; however, since impulsiveness and novelty seeking [38] , as well as novelty seeking and sensation seeking [39] , also share a large part of variance (due to the fact that all of them contain aspects of extraversion), it is not surprising that novelty seeking is also associated with relapse in alcoholics. Although the scores of sensation seeking did not reach significance in the present analysis, a tendency towards higher values in relapsed patients could be seen, confirming published data on elevated novelty-seeking scores in relapsed alcohol-detoxified patients [21, 23] .
Individuals with high scores in persistence are described as industrious, hard-working and stable, despite frustration and fatigue. They are characterized as ambitious overachievers who are willing to make major sacrifices in order to succeed. In contrast, those with low persistence rarely intensify their effort, even in response to anticipated reward, and tend to give up easily when faced with frustration, criticism, obstacles and fatigue. There appears to be considerable face validity to the notion that low persistence predicts relapse. The present finding that a low persistence score has a predictive value for relapse in the disorder of alcoholism confirms published reports [25] [26] [27] . The well-documented personality traits in relapsed patients with high scores in neuroticism and low scores in conscientiousness [22, 24] measured by the NEO-FFI could not be confirmed unequivocally in the present analysis. However, there was a trend towards lower scores in conscientiousness in relapsed patients (p = 0.055).
A future goal in alcoholism research should be to elucidate psychobiological correlates of personality characteristics that are related to relapse and could be used for optimizing treatment.
